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Wireless Identity Tracinp System for Tracinp An,-»..ic pppd Prodnr^« 

The present invention relates to the tracking and tracing of contacts between 
animals or between food products or between animals and food products for the 
purpose of monitoring the transmission of disease. 

Disease can spread through contact between animals or through contamination 
of food arising from contact between food and animal products. It would be 
usefiil to maintain a record of the contacts that an individual animal makes with 
other individuals of the same and/or different species. Similarly, it would be 
useful to record the contacts between different food products, which may 
indicate possible sources of contamination between them. 

In the wild, animals may come mto contact with each other at points such as 
feeding or drinking areas, courtship territories or breeding grounds and 
migration routes. The contacts may be between animals of the same or 
different species including domestic Uvestock. Contacts between domestic and 
wild animals may be important in the spread of animal diseases such as the 
possible transmission of tuberculosis between badgers and cows. In the absence 
of direct observation or video recording, evidence of actual contact between the 
different species is difficult to obtain. 

In modem livestock farming, animals can be moved between several different 
locations during their lifetimes. For example, breeding stock are normally 
reared on speciaUst livestock farms and then transferred to other famis to 
complete their productive lives. This transfer usually involves an auction 
market and at least one livestock dealer and two or more haulage contractors. 
At the end of Iheir productive lives, the animal may pass through a cull stock 
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market before being transferred to an abattoir or renderer. A similar- or greater 
number of transfers may be recorded for animals reared for prime meat. 

In the food industry, food products may pass through several locations before 
reaching their final point of sale. For example, the production of a joint of 
meat for sale in a supermarket will usuaUy involve an abattoir, a butchering 
venue, a capping plant, a distribution outlet and a transport vehicle. At some 
or all of these venues, the joint may come into contact with joints or products 
from other animal carcasses and/or other food products. 

International patent application WO02/076193 discloses an animal tracking 
system in which a data gathering device comprises a radio transmitter and 
receiver. A processor is arranged to transmit a signal mcluding a unique 
identifier identifying the data gathering device and to receive signals from 
other devices each of which mcludes a further unique identifier identifying the 
other data gathering device. In the data gathering device described, the device 
periodicaUy transmits an inquiry signal and then enters a wait state in which the 
receiver is turned on and the device waits to receive any responses to the 
transmitted inquiry signal. 

An electronic data collecting device and method will now be described fiirther, 
by way of example only, with reference to the accompanying drawmgs, m 
which: 

Figure 1 illustrates an example of an anunal movement system; 

Figure 2 is a block diagram of an electronic data collecting device; 

Figure 3 is a flow diagram illustrating one embodiment of an enquiry operation 

of the electronic data collecting device; and 

Figure 4 is a timing diagram illustrating an example of the operation of the 
receiver and transmitter of the electronic data collecting device. 
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In the livestock environment, it is envisaged that electronic data collection 
devices are associated with agricultural livestock and also with premises and 
transport vehicles involved in the business of agriculture e.g. livestock markets, 
abattoirs, transport vehicles, farm buildings etc. 

Although the device is described in greater detail with reference to the 
livestock environment, the device is equally applicable to other environments. 
By way of example only, such devices may also be associated with other 
domestic or wUd animal species or with features used by these species in 
feeding, reproduction, courtship, migration or dispersal such as feed troughs, 
trees, fences, maridng posts, fish ladders, and similar. 

Figure 1 shows an example of such a system. Each agricultural animal 1 has a 
Animal Product electronic data collecting device 2 associated with it in some 
way. To prevent fraud or error, it is advisable for the device to be tamper-proof 
and also extremely difficult to remove from the animal. The device may be 
formed as an ear tag, collar, implant or bolus. As mentioned above, it is 
intended that facility electronic data collection devices are also provided at 
agricultural premises or on transport vehicles. For instance, a facility device 2 
may be provided at each entrance to a livestock market 4. This device forms a 
record of all devices that have come into radio contact with it and hence all 
animals or locations with which those devices are associated. Similarly, a 
device 2 may be provided on an agricultural transport vehicle 5 (e.g. near the 
ramp of a truck) or ferm building 6 to record all devices that have come into 
radio contact with the device on the truck 5 or farm 6. An abattoir 7 may also 
be provided with one or more facility devices 2 to maintain a record of aU 
devices that have come into radio contact with the devices at the abattoir 7. 
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As Shown in Figure 2, the electronic data collecting device 2 comprises an 
antenna 21, a radio transmitter 22, a radio receiver 23, a processor 24, a power 
source 25, a data storage module 26 and a system clock 27. The device may 
include other components but only those components material to the 
description are shown. 

The radio transmitter/receiver 22, 23 operates as a low power, radio frequency 
wireless system. 

Devices designed to be associated with an animal may have a variable 
transmission range for the transmitter, for instance m the order of 1-20 metres. 
Devices to be associated with a location (e.g. a fann, transport vehicle, 
livestock market or abattoir) may be provided with a transmitter having a 
greater range e.g. 50-lOOm. A device for use m a reader may have a variable 
transmission range which may be selected according to the proposed task of the 
reader. 

The processor 24 may be any suitable processor but preferably is a low power 
processor to minimise the power consumption of the device. 

The power source 25 may be any suitable source. For example, if the device is 
accessible to the open air, the power source may be an array of solar cells. 
Otherwise the power source is likely to be a long-life battery of a kinetic 
energy conversion device. 

The data storage module 26 comprises non-volatile memory and stores a first 
unique identifier 260 electronically coded into the data storage module. This 
unique identifier is permanently associated with the device and hence the 
animal or article the device is attached to in some way. To prevent fraud or 
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error, this part of the memory 26 is write-protected and may only be changed 
by authorised persons e.g. the manufacturer or a government body. 

The data storage module stores further unique identifiers, for instance as short 
term parameters 262 or long term parameters 264, as will be discussed below. 
Parameters stored as short term and long parameters will be considered to be 
complete store parameters and parameters stored as short term will be 
considered to be recent store parameters. 

For a device 2 intended to be associated with an animal, it is envisaged that a 
compression algorithm will be used to manage the stored identifiers received 
fi:om other devices. For instance, identifiers received within a first period (e.g. 
the last seven days) may be stored as a short term parameter 262 in the Recent 
Store and older identifiers may be stored, accordmg to a compression 
algorithm, as long term parameters 264. A compression algorithm as described 
in WO02/076193 (which is incorporated herein by reference in its entirety) 
may be used. For a device intended for purposes other than attaching to an 
animal, the memory may be larger as size is not so constrained. 

Accordingly a first type of electronic data collecting device may be provided 
for an animal or a food item and is limited by its physical size, by its memory 
size and by its energy source. This device is referred to herein as an Animal 
Product Device. Similarly a second type of electronic data collecting device 
may be provided for facilities such as a building, a vehicle, food processing 
equipment, feeding troughs, marker posts and similar. This device is referred 
to herein as a FaciUty Device and may also include a Geographical Positioning 
System (GPS) and may be linked to an external power source. It is anticipated 
that the Facility Device will not be energy constrained and will possess more 
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power, more memory and a stronger signal than the Animal Product Device 
and will be able to transmit over a greater range. 

For both devices, the processor is arranged to receive, by means of a radio 
receiver, a wakeup call at all times. The wakeup call includes the unique 
identifier belonging to another electronic data collecting device or to an 
electronic reader. All wakeup calls are evaluated by the processor and either 
information firom the wakeup call is stored in the memory or discarded. A 
procedure for determining whether a wakeup call is stored or discarded is 
described furflier below. Preferably the date and/or time at which the wakeup 
call was received is also stored together with the unique identifier of the 
transmitting device, the date/time representing information on when the contact 
was made. 

For both devices, the processor 24 is also arranged to transmit its First Unique 
Identifier by means of the radio transmitter 22. To conserve energy, the radio 
transmitter 22 is normaUy in "deep sleep" and is switched on after the 
processor has received a wakeup call according to a pre-determined time 
interval, or a wakeup call triggered by a transmission fiom another electronic * 
data coUecting device or a wakeup call firom an electronic reader. An example 
of Ihe process by which the Animal Product Device and the FaciUty Device 
transmits its First Unique Identifier in response to a wakeup call is described 
fiirther below. When transmitting, liie Animal Product Device and the Facility 
Device merely transmit llieir own First Unique Identifier. They do not establish 
a communication link with other electronic data collecting devices. 

A record of contacts is therefore collected and maintained for individual 
animals and for individual food products. A record of the contacts that an 
individual animal has made witii other animals of the same or of a different 
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species or with individual food items is made available, as is a record of 
contacts made by an mdividual food item with other food items of the same or 
of a different type or with an animal. 



Both the Animal Product Device and the Facility Device are designed to 
respond to a wakeup call from an electronic reader and to a request from the 
said reader to download their records to the reader. To download records from 
an Animal Product Device and/or a Facility device, the reader establishes a 
communication link with the electronic data collecting device. This process is 
described further below. The principal function of the reader is to gather the 
identities stored in Animal Product Devices and Facility Devices. The reader is 
therefore able to send a wakeup call to the devices to estabUsh a direct link 
with the devices and to communicate with a standard PC or similar, so that the 
information from the devices can be processed. 

Figure 3 illustrates the operation of an embodiment of an electronic data 
collecting device. In such a device, the default operating condition of the 
device is for the receiver to be in a receive condition i.e. receiver 23 is 
predominantly in a switched on state. With the receiver on (301), the receiver 
monitors (302) for receipt of a wakeup call or an interrupt from a timer. If no 
wakeup call is received, the device checks (303) whether it is time to 
periodically turn on the transmitter and, if not, reverts to monitoring for a 
wakeup call (302). The process of checking the time to perform an action may 
be automated using interrupt timers. 

When a wakeup caU is received the device examines (305) any unique 
identifiers included in the wakeup call. The device then checks (306) whether 
the received identifier is akeady stored in its store 26. If the received identifier 
is not akeady stored in the store 26, the received identifier is stored in the store 
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26 (307) and the processor turns on (308) the transmitter 22 and transmits (309) 
its own unique identifier. 

If the received identifier is already stored in the store 26, the device checks 
(303) whether it is time to periodically turn on the transmitter. If so, the 
processor turns on (308) the transmitter 22 and transmits (309) its own unique 
identifier. If not, the device returns to a Ustening state with the receiver 23 in a 
receive condition. 

Thus, the transmitter is normally asleep and is only woken up (308) in response 
to the wakeup call (if the received identifier is not already stored in the store 
26) or when it is time for a periodic transmission. The device then transmits 
(309) its own unique identifier. Once this is completed the transmitter is turned 
off (3 10) and the device returns to a state in which the receiver 23 is on and the 
transmitter 22 is asleep. 

The period between periodic transmission may be fixed or variable. In the 
latter case, the device may also calculate a new period after each transmission 
of its own identifier. Thus after turning off the transmitter, the processor 
calculates (3 1 1) a new time until the next transmission. Although this is shown 
in Fig. 3 as occurring after the transmitter has been switched off, it will be clear 
to a person skilled in the art that this calculation may be carried out at an earlier 
point in the cycle. 

Figure 4 is a timing diagram illustrating an example of the operation of the 
receiver and transmitter of the electronic data collecting device. The upper 
time line in Figure 4 shows the on/off status of the receiver 23 and the lower 
time line shows the on/ofif status of the transmitter 22. As can be seen, the 
normal operating state of the device is for the receiver 23 to be on i.e. in a 
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receive condition. Periodically, the transmitter is turned on for a periodic 
transmission: this is indicated in Figure 4 as period A. During a transmission 
period, the receiver may be switched off or it may enter a standby mode or it 
may remam on. The period between periodic transmissions is indicated by 
reference letter P. This period P may be fixed or variable. Once the periodic 
transmission has occurred, the transmitter is switched off and the device returns 
to the default condition with the receiver in a receive condition. 

Consider the instance of when a wakeup call is received (for instance at time w 
in Figure 4). In response to the wakeup call, the transmitter 22 is switched on, 
as described earlier with reference to Figure 3, and the receiver may enter a 
new mode. This is indicated in Figure 4 as period B of the transmitter. Once 
the transmission has occurred, the transmitter is switched off and the device 
returns to the default condition with the receiver in a receive condition. 

Thus an electronic data collecting device as described has a receiver that is on 
for most or all of the time. The transmitter of the device is turned on in 
response to a wakeup call or at periodic intervals. During the periods when the 
transmitter is on, the identifier of the device is broadcast for receipt by any 
similar devices m range. The message transmitted by the device may act as a 
wakeiq) call for other devices of a similar type. 

The timing of the periodic transmissions of a device may be determined in 
many ways. In one preferred implementation, the period is a function of the 
time since an identifier was last added to the store of the device. For instance, 
the longer the time between additions to the store, the longer the period of the 
periodic transmissions may be. Thus the duration of the time interval between 
periodic transmissions will increase if no new identities have been added to the 
device within a particular time period. This may occur for instance when a 
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sheep stays on its home farm within a flock for a long period of time. This i 
described further below. 



The operation of a device for gathering data and for use with an animal, 
location etc. (referred herein as a Animal Product Device or FaciUty Device 
Reader) will now be described using CSP notation, as will the operation of a 
device for reading the gathered data (this latter device wiU be referred to as a 
reader). The term Collector as used herein refers to a Animal Product Device or 
to a Facility device. 



In the following description, N, Nl etc. denotes the identity of the device. The 
variable n, nl etc. describes the identity of any other device in the vicinity. 
MX[N] is a piece of CSP syntax which in this context is used to mean "the 
unique process X[N]" where X[N] is a recursive process described in terms of 
the events and sub-processes defmed in Table 1. It is therefore possible to list 
the possible sequences of events that may be traced by the process X[N] so 
described. 



For example. Traces [A] is the set of sequences of events that may be generated 
by process A. 

Two processes A and B may be shown to be different by the generation of a 
valid trace segment of process A that cannot possibly be generated by process 
B. Two processes A and B, that generate the same set of traces (that is 
Traces[A]= Traces [B]) are necessarily identical. 

Table 1 . Events occurring m the Process Specification 



Event or Sub-Process 


Description of the Event or Sub-Process 


Receive[n] 


Term used to describe the event whereby a Animal 
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Product Device or a Facility Device identifies that it 
has received a wakeup call and a Unique Identifier 
fi-om another collecting device [n] making the 
transmission. To safeguard against firaud, the signal 
strength of the wakeup call will also be recorded 
using a flag that indicates whether the signal exceeds 
a given surengui. it two devices were co-located on 
or in the same animal or food product, the 
transmission received would exceed the expected 
strength by a significant amount. By examming the 
store, these offending devices could be monitored. 


Tratismit[N] 


Term used to describe the event whereby a Animal 
Product Device [N] or a Facility Device [N] 
broadcasts its Fh^t Unique Identifier. This event 
occurs in response to a Receive[n] event or a 
TimeToTransmit[N] event. The TransmitpSI] event 
always includes a wakeup call. Note that each Device 
[N] can only broadcast its own First Unique 
Identifier, it does not broadcast the identities of any 
other devices [n] that it has stored. When the 
Transmit[N] event is in response to a Receive[n] 
event, the device waits for a random period of 
between 0 and MaxWait seconds. The duration of 
MaxWait is to be determined fi-om consideration of 
the system. The Transmitnsn event is an enerov 
expensive operation and the system restricts the 
number of times that the transmitter in the Animal 
Product Device is turned on. Thus the Animal 
Product Device transmits infi-equently, say once 
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every 5 minutes, and the Facility Device transmits 
frequently, say once every second, and uses a 
stronger signal than the Animal Product Device. 


1 ime 1 01 ransmit[N] 


The TuneToTransmitpM] event is a function of the 
system clock and small variations in the frequency 
will cause different data collecting devices to actually 
lire at different tunes. This is the randomisation 
procedure used in Bluetooth. 


WhatIsInRecentStore[ 
n] 


Event that occurs when a Reader is interrogating a 
Animal Product Device [n] or a Facility Device [h]. 
concerning the contents of the recent store (262) 


WhatIsInStore[n] 


Event that occurs when a Reader is interrogating a 
Animal Product Device [n] or a Facility Device [n] 
concerning the contents of the complete store (262 
and 264) 


KeaaUutRecentStore[ 
N] 

f 


Term used to describe the event whereby a Animal 
Product Device [N] or Facility Device[N] transmits 
the contents of its Recent Store (262) to a Reader. 
The devices only transmit the data in their own 
stores. 


ReadOutStorejTSI] 


Term used to describe the event whereby a Animal 
Product Device [N] or Facility Device[N] transmits 
the contents of its Complete Store (262, 264) to a 
Reside. 


PutIiiStore[n] 


1 his CVCrif" sin aV^c+T'sii^i'irt-rfc r^-P fViA ^t^j-^t-^^^im Cmw.-^i..^ j • 

xxuo VVS/J.II x» au. dubiTdt'iiun oi me process involved m 
storing the data. The Store may be organised in the 
form of several databases and the data collecting 
devices may use a two step process whereby, for 
example, the devices store data temporarily in a 
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short-term memory before moving these data or a 
selection of the data into a more pennanent place. 


xN uiiiioiore^^iij 


This event may occur after just a small search or after 
a more global search of the Store is made. The size 
of the search process will be decided after 
consultation with the customer. 


FoundInStore[n] 


This event occurs if NotInStore[n] does not occur 


SefNextTransmission 
Time[N] 


Term used to describe the event whereby an Animal 
Product DevicepM] or a Facility Device[N] calculates 
the duration of the time interval, Pt, between the 
current transmission and the next periodic 
transmission and sets the actual time at which the 
next periodic transmission will take place. The value 
of Pt varies during the operational life of the device 
and is a function of the previous value of Pt and of 
the time that the last unique second identifier was 
received by the device. 


jveaaeriacniiiyK.e<iuest 


Term used to describe the event whereby a Reader 
[R] transmits its First Unique Identifier and a request 
for all Animal Product Devices[n] and Facility 
Devices[n] to transmit their First Unique Identifiers 
[n] to Reader [R]. 


Jxesponseiveceivei^uj 
(sub-process) 


Term used to describe the sub-process whereby a 
Reader [R] enters a state in the process where it is 

waitinff for resnon^PQ fv-nm Hp»T/ir»**orT-ii fxn/^^^r:*^^ 
*^"*o xwoj|jwiiowo ixuiii u.cviL/Ca|_iij roiiowms trie 

transmission of a ReaderldentityRequest [R] from 
Reader [R]. 


ResponsesReceived[n] 
(sub-process) 


lerm used to describe the sub-process whereby a 
Reader [R] enters a state in the process where it 
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receives the First Unique Identifiers of n devices and 
stores them in its memory store and is awaiting the 
n+1 response. 


TimeInterval[Max] 


Term used to describe the event whereby Reader [R]" 
Ldus TO receive me speciiied maximum number of 
First Unique Identifiers fi:om surrounding devices [n] 
within a specified time interval Max. It may be 
possible for the user to vary the value of Ivlax 
according to the field circumstance. 


ResoonsesProcessed fn 1 
(sub-process) 


lerm usee to aescnbe the sub-process whereby a 
Reader [R] enters a state in the process where it 
initiates the processing of the First Unique Identifiers 
received fi-om n devices during the sub-processes 
ResponsesReceived[0] . . .ResponsesReceived[n]. 


ResponsesReceived 
FMaxl f sub-Drocess'i 

I 


Term used to describe the sub-process whereby a 
i^eaaer lkj enters a state m the process where it has 
received a default maximum number of first unique 
identifiers fi:om devices [n]. The Reader [R> then 
either returns to its initial state X[R] or proceeds to 
event ResponsesProcessed[N]. 


OutputDevices[N] 


Term used to descnbe the event whereby ReaderfR] 
produces a list of aU the first unique identifiers that it 
has received firom Animal Product DevicesFnl or 
Facility Devices[n] during the sub-processes 
ResponseReceived[0]. . ..ResponsesReceived[n]. The 
Readerpi] may also highlight the unique identifiers 
of those devices that are new to its RecentStore. 
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The Device Process 

Collector[N]= fLX[N].( 
(1) Receive [n] -> 

5 (NotInStore[n] ^ PutInStore[n] Transmit[N] ^ SefNextTransmissionTime[N] | 

FoundInStore[n] -> X|>r| ) J 

2) TimeToTransmit[N] -» Traiismit[N] SetNejdTransmissionTimepM] ^ X[N] 
I 

10 3) ReaderldentityRequestpR] -» Transmit[N] ^ SetNejrfrransimssionTime[N] ^ 
(NotInStore[n] -> PuflnStore[n] -» X[N] | 
FoundInStore[n] -> xpsi] ) | 

4) WhatIsInRecentStore[n] -» 
15 (X[N] I 

ReadOutRecentStore[N] X[N] ) | 

5) WhatIsInStore[n] -> 

(X[N] I 

20 ReadOutStore[N]-».X[N]) ) 

The operation of a collector (where Collector [N] is either an Animal Product 
Device[N] or Facility Device[N]) can be split into five main sub-processes 
marked 1, 2, 3, 4, 5 in the CSP process description language above. The first 

25 sub-process (1) occurs when the collector has received a transmission fi-om 
another collector. The second sub-process (2) occurs when the coUector itself 
decides that the time has come for it to broadcast its identity. The third sub- 
process (3) occurs when the collector receives an identity request from a 
reader. The fourth sub-process (4) occurs when a reader transmits a request for 

30 a particular coUector to read the contents of its recent store. This sub-process 
(4) is designed so that only the collector that is addressed responds. The fifth 
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sub-process (5) is very similar to the fourth and is the response of the collector 
when it receives a request from a reader to read the contents of all the memory. 

Sub-process 1: sets out the process whereby Collector[N] receives a 
transmission from device[n] and the Collector[N] then broadcasts its First 
Unique Identifier and stores a second unique identifier received from device 
[n]. 



The event Receive[n] occurs when Collector[N] receives a transmission[n] 
from a device[n] which is nearby. 

On receiving transmission[n], Collector[N] checks its RecentStore[N] to see if 
it contains tiie unique identifier for device[n]. This checking process triggers 
one of two scenarios. 



In the first scenario, the event NotInStore[n] occurs if the unique identifier of 
device[n] is not present in RecentStore[N]. If event NotInStore[n] is true, the 
Collector[N] then proceeds to event PutInStore[n] and then proceeds to event 
Transmit[N] whereby the processor[N] of Collector[N] switches on 
Transmitter[N] which broadcasts the First Unique Identifier[N] of 
Collector[N]. On completing event Transmit[N] the Collector[N] proceeds to 
event SetNextTransmissionTime[N] which is described in Sub-process 2 
below. On completing event SetNextTransmissionTime[N], Collector[N] 
returns to the listening state X[N]. 

In the second scenario, the event FoundInStore[n] is True and Collector[N] 
retums to the Ustening state X[N] without sending a transmission. 
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Sub-process 2: sets out the process whereby Collector[N] sends out a 
transmissionCN] because a time Pt, has elapsed since its last transmission 
without Sub-process 1 occurring. FoUowing the transmission a new Pt is 
calculated and used when the next transmission time is set. 

A periodic transmission occurs when the event TimeToTransmit[N] is 
triggered. During this event the processor[N] of CoUector[N] switches on 
Transmitter[N] and initiates the event Transmit[N]. On completing 
Transmit[N], the Collector[N] proceeds to event SetNextTransmissionTime[N]. 

The event SetNextTransmissionTime[N] specifies the time interval Pt between 
each periodic transmission and the time at which the next periodic transmission 
will occur. A default value for Pt is specified during the manufacture of each 
collector^. The value of Pt can vary during the operational life of each 
coUector[n] and preferably is a function of the last identifier Id_st received and 
stored by Collector[N]. . An example function for Pt is given below. 

Let MaxPt = 7200 sec 

andMmPt= 10 sec 

and the default value for Pt= 600 sec 

If last Id_st is not in RecentStore[N] and the current value of Pt is greater than 
2MinPt then set new Pt value to old Pt value divided by 2. 

If last Id_st is not in RecentStore[N] and the current value of Pt is less than 
2MinPt then set new Pt value to old Pt value. 

If last Id_st is aheady in RecentStore[N] and the current value of Pt is less than 
MaxPt/2 then set new Pt value to old Pt value multipHed by 2. 
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If last Id_st is akeady in RecentStore[N] and the current value of R is greater 
than or equal to MaxPt/2 then set new Pt value to old Pt value. 

Once the time interval Pt before the next transmission period has been 
calculated, the actual time for the next TimeToTransmitpsi] event is set to the 
last transmission time + Pt. 

Sub-process 3: sets out the process whereby Collector[N] receives a 
transmission from Reader[R] and the Collector[N] then broadcasts its First 
Unique Identifier and stores a second unique identifier received from 
ReaderCR]. 

The event ReaderIdentityRequest[R] occurs when CoUectorjKj receives a 
wake-up call[r] from a Reader[r] which is nearby. 

On receiving a wake-up caU[r], Collector[N] switches on its Transmitter[N] 
and initiates event Transmit[N]. On completing event Transmit[N] the 
CoUector[N] proceeds to event SetNextTransmissionTimepsI] which is 
described in Sub-process 2 above. Completion of event 
SelNextTransmissionTime[N] then triggers one of two scenarios. 

In the first scenario, the Event NotInStore[n] occurs if the unique identifier of 
Reader[R] is not present in Recent Store[N]. If event NotInStore[n] is true, the 
CoUector[N] proceeds to event PutInStore[n] and then returns to Ustening state 
X[N]. 



wo 2004/010774 



PCT/GB2003/003305 



19 



In the second scenario, the event FoundInStore[n] is True and CoUectorpSI] 
returns to the listening state X[N] without storing the unique identifier of 
Reader[R] in its RecentStore 262. 



Sub-process 4: sets out the process whereby CoUector[N] receives a 
transmission from a Reader[R] concerning its RecentStore[N]. 

On receiving a request from reader R to read what is in its recent store, the 
event WhatIsInRecentStore[n] occurs. Collector[N] examines the transmission 
from Reader[R] to see if this contains its First Unique Identifier [N]. If the First 
Unique Identifier[N] is not present then Collector[N] remains in the Listening 
State X[N]. If the First Unique Identifier[N] is present then the event 
ReadOutRecentStore[N] occurs whereby CoUector[N] switches on its 
transmitter[N] and transmits the contents of its RecentStore[N] 262 to 
Reader[R]. The collector then returns to its Ustening state X[N]. 

Sub-process 5: sets out the process whereby Collector[N] receives a 
transmission from a Reader[R] concerning its CompleteStore[N] (262 and 
264). 

On receiving a request from reader R to read what is in its complete store, the 
event WhatIsInStore[n] occurs. Collector[NJ examines the transmission from 
Reader[R] to see if this contains its First Unique Identifier[N]. If the First 
Unique Identifier[N] is not present then Collector[N] remains in the Listening 
State X[N]. If the First Unique Identifier[N] is present then the event 
ReadOutStore[N] occurs whereby Collector[N] switches on its transmitter[N] 
and transmits the contents of its CompleteStore[N] (i.e. 262 and 264) to 
Reader[R]. The CoUector[N] then returns to its listening state X\N\. 
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A Collector[N] thus operates in a dual-mode whereby it responds to non- 
specific transmissions from other devices[n] and readers[r] within its 
transmission range (events Receive[n] and ReaderIdentityRequest[R]) or it 
responds to a specific request from Reader[R] to download the contents of its 
5 RecentStore[N] or CompleteStore[N] (events WhatIsInRecentStore[N] and 
WhatIsInStore[N]). 

The way a reader operates will depend on the circumstances. It may first 
collect the identities of the devices near by and then individually request a 
10 service fixjm a particular device asking the device to read out the contents of 
the memory m either its Recent Store or its Complete Store. 

The Reader Process 
Reader[R]= mX[R].( 

15 (1) ReaderIdentityRequest[R] ResponsesReceived[0] | 

(2) WhatlsInRBcentStore [N] 

ReadOufilecentStorepSTJ -> X[R] | 

(3) WhatIsIhStore[N] 

ReadOutStore[N] X[R])) 

20 

where 

ResponsesReceived[n] =juX.(Receive[nl] ResponsesReceived [n+1] | 

TimeInterval[Max] -> 

(ResponsesProcessed[n] | 
25 X[R]))) 

and where 

ResponsesReceived[Max] -pX Receive[nMax] -> 

ResponseProcessed[Max])) 
ResponsesProcessed[n]== nX (OutputDevices[n] ->X[R]) 
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The reader process can' be split into three main sub-process marked 1,2,3 in the 
CSP process description language of the Reader Process above. The first sub- 
process (1) occurs when a Reader R transmits a reader identity request to all 
devices within its transmission range. The second sub-process (2) occurs when 
a Reader R requests, a particular device [N] to read out the contents of its 
RecentStore[N]. The third sub-process (3) occurs when a Reader R requests a 
particular device N to read out the contents of its CompleteStore[N]. 

Reader Sub-process 1: sets out the process whereby Reader[R] requests and 
receives the identities of all the devices within its transmission range. 

The process is initiated by event ReaderIdentityRequest[R] whereby Reader[R] 
transmits its First Unique Identifier and a request for aU devices withm its 
transmission range to transmit their First Unique Identifiers. Reader[R] then 
starts the sub-process ResponsesRficeived[0] where it waits for responses from 
surroimding devices. 

The event Receive[nl] occurs when the Reader[R] receives a response from a 
device. The ReaderjR] then starts the subprocess ResponsesReceived[l] 
whereby it updates its Store[R] with the unique identifier of the device[n]. This 
process of receiving ahd storing the first unique identifiers of surrounding 
devices is continued until subprocess ResponsesReceived[Max] is started. 

If no responses are received within a defeult maxunum time interval, the event 
TimeInterval[Max] is triggered and the Reader[R] then enters the subprocess 
ResponsesProcessed[n] or it returns to its initial state X[R]. 

Subprocesses ResponsesReceived[Max] commences when the Reader[R] has 
received a pre-defmed maximum number of first unique identifiers from n 
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devices. On completing this subprocess, the Reader[R] either returns to its 
initial state X[N] or it proceeds to subprocess ResponsesProcessed[N]. 

In the subprocess ResponsesProcessed[n], the Reader {r} processes aU of the 
First Unique Identifiers is has received firom n devices during subprocess 
ResponsesReceived[n]. This is followed by event OutputDevices[N] whereby 
Reader[R] produces a list of all the iBrst unique identifiers that it has processed, 
for the reader user. This list may also highlight the identifiers of those devices 
that are new to its RecentStore[R]. Reader[R] then retums to its initial state 
X[N]. 

Reader Sub-process 2: sets out the process whereby Reader[R] transmits a 
request to a specific Device[N] asking it to download the contents of its 
RecentStore[N] to the Reader[R]. 

The process is initiated by event WhatIsInRecentStore[N] whereby Reader[R] 
transmits a wake-up call to Device[N]. The wake-up call includes the First 
Unique Identifier of Device[N], the First Unique Identifier of Reader[R] and a 
signal requesting Device[N] to download its RecentStore[N] to Reader[R]. 
This event is then foUowed by event ReadOutRecentStore[N] whereby 
Device[N] reads out its RecentStore[N] to Reader[R]. Following this event 
Reader[R] returns to its initial state X[R]. 

Reader Sub-process 3: sets out the process whereby Reader[R] transmits a 
request to a specific DevicepSI] asking it to download the contents of its 
CompleteStore[N] to the Reader[R]. 

The process is initiated by event WhatIsInStore[N] whereby Reader[R] 
transmits a wake-up call to Device[N]. The wake-up call includes the Firet 



wo 2004/010774 



PCT/GB2003/003305 



23 



Unique Identifier of Device[N], ttie First Unique Identifier of Reader[R] and a 
signal requesting Device[N] to download its CompleteStore[N] to Reader[R]. 
This event is then foUowed by event ReadOutStore[N] whereby Device[N] 
reads out its RecentStore[N] to Reader[R]. Following this event Reader[R] 
returns to its initial state X[R]. 

ReadersW thus operate in a duel-mode whereby a Reader[R] can transmit a 
non-specific request (event ReaderIdentityRequest[R]) to all devices widiin its 
transmission range or Reader[R] can transmit a specific request (events 
WhatIsInRecentStore[N] and WhatIsInStore[N]) to a specific Device[N] within 

its transmission range. 

In a further embodiment of an electronic data coUecting device, the device is 
arranged such that the default operating condition is for the radio transmitter to 
be switched off and for the radio receiver to remain in the receive condition for 
a period a seconds and then, if no transmission is detected, to switch itself off 
for an interval p seconds and then switch on again for a seconds. This 
sequence of receiver on, receiver off, receiver on, continues throughout the 
operational hfe of the device. On receiving a transmission from a second 
device the sequence is suspended and the receiver remains in tiie receive 
condition until receipt of tiie transmission is completed. A transmission 
mcludes a standard signal such as an unmodulated carrier and the First Unique 
Identifier of the device. A transmission lasts a minimum lengtii 8t whereby the 
transmission of the umnodulated carrier is a minimum of a+p seconds. The 
use of a minimum period of a+p seconds, for the umnodulated carrier, ensures 
that the receivers of other collecting devices[n] wiU receive tiie First Unique 
Identifier of device[N] in full. On receipt of a wakeup call [n] and storage of a 
Second Unique Identifier[n] by device[N], the processor[N] of device[N] is 
arranged to place tiie radio tiransmitterCN] into a transmit condition and tiie 
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receiver[N] is switched off for the duration of the transmission. On completion 
of the transmission the receiver[N] resumes the on/off sequence described 
above. 

In the foregoing specification, the invention has been described with reference 
to specific embodiments thereof It will, however, be evident that various 
modifications and changes may be made thereto without departing from the 
broader spirit and scope of the invention. The specification and drawings are, 
accordingly, to be regarded in an iUustrative rather than a restrictive sense. 



